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Background 

This paper references the revised version of the PMRP (September 7, 2012) and focuses on the 

proposed monitoring program directed to determining (a) the sand sheet areas within the SVRA 

that contribute most to problematic PM10 emissions, (b) the role of dune vehicle activity in 

contributing to PM10 emissivity of the sand sheets, and (c) locations best suited for cost-

effective deployment of measures for controlling sand flux as the driver for wind generated dust 

emissions.  Note that the control of emissions from vehicle track-out is tied to control of 

emissions from sand sheets.   

Approach 

This problem should be approached from the understanding of (a) the dust emission process and 

(b) the function of technically and economically feasible dust controls that are suitable for this 

application.  It is likely that the reservoir of PM10 within the sand sheet surface is affected by a 

variety of processes both direct and indirect, including (a) soil disturbance and abrasive 

compression grinding by recreational vehicle activity, (b) loss of near-shore foredune structures 

in key areas due to vehicle activity, and (c) the windborne movement, transport and deposition of 

particles from one area to another. Although the direct contribution of surface disturbance and 

abrasion is not fully understood in this dune environment, these phenomena are well recognized 

as mechanisms for generating new fine particles and sustaining the emission process on unpaved 

travel surfaces in a variety of other settings.  In the case of the subject sand sheets, it is likely that 

much of the fine particle reservoir lies on or just below the surface, making it vulnerable to 

entrainment as salting sand is transported across the surface by high winds.   

Because saltation is the driving force for generation of fine particle emissions during high wind 

events, the approach to dust control is directed to capturing saltating sand near the points of 

release.  As stated in the PMRP, the most promising controls are vegetation, artificial roughness 

elements, and wind fencing.  Projected efficiencies for these methods are reported in the PMRP, 

based on field studies in areas similar to the SVRA.  The PMRP notes that since it is not possible 

to measure the effectiveness of these controls from localized PM10 concentration, saltation (sand 

flux) can be used as a surrogate for PM10 emissions.  Accordingly, Cox Sand Catchers (CSCs) 

were used for control performance evaluation.   
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Vehicle Activity Setting 

As a foundation for the proposed monitoring study, it is important to map the vehicle activity 

across the emissive sand sheet areas, because it is likely that areas of high vehicle activity will 

produce the greatest emissions.  With that information in hand, options for locating saltation 

controls immediately downwind of the hotspot areas can be considered early in the design and 

execution of the monitoring program. Ultimately, dust controls should be strategically placed to 

capture and stabilize saltating sand in adjacent areas that are protected from vehicle activity.   

Selection of Dust Controls 

As stated above, the PMRP identifies the most promising controls as vegetation, artificial 

roughness elements, and wind fencing.  Projected efficiencies for these methods are reported in 

the PMRP, based on field studies performed in the SVRA where CSCs were used for control 

performance evaluation.  The only artificial roughness elements tested were straw bales placed in 

a staggered pattern, but a concern was noted regarding the durability of this measure.   

Berms of woodchip mulch constitute another type of artificial roughness element that has been 

shown to be very effective in capturing saltating sand in the Antelope Valley and other nearby 

desert environments in California.  These berms have proven very durable in high wind 

environments (gusts exceeding 70 mph) and have a large capacity for collecting saltating sand. 

Part of the process of selecting controls relates to the feasibility to install such controls in traffic-

protected areas adjacent to dune vehicle activity.  Making this determination requires a detailed 

analysis of dune vehicle activity patterns, so the controls can be strategically placed for 

maximum cost effectiveness.   

Another aspect of long-term control effectiveness relates to the periodic restoration steps that 

must be taken to maintain sand transport controls.  It is necessary to remove or stabilize captured 

sand which otherwise would bury the control.  This aspect is discussed in the PMRP, with regard 

to the fencing that borders access roadways for the purpose of controlling track-out emissions.  

With regard to woodchip mulch berms, it should be noted that restoration can be accomplished 

by rolling the berm upwind onto the collected sand deposit, which raises the profile and increases 

the sand capture capacity significantly.   

Monitoring Program  

One clear goal of the monitoring program is to compare the air quality impact of dune vehicle 

activity in the SVRA against the baseline air quality that is found with no activity.  The concept 

of transect analysis that follows the prevailing direction of high winds (300 deg) from the 

shoreline to the eastern boundary of the SVRA may be useful for evaluating the effect of vehicle 

activity on air quality.  In the PMRP, four transects are proposed, two crossing areas subject to 

vehicle activity and the other two crossing areas not subject to vehicle activity.  Obviously, it is 
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important that the selected transects are representative of the active and the control areas of the 

SVRA, which may be a challenge because of localized differences in vehicle activity, dune 

structure and other topographical effects that influence the air flow during high winds. 

Just as important, the monitoring program should (a) identify the source areas causing the 

highest ambient PM10 levels on the Nipomo Mesa and (b) focus on the emission hot spots within 

those areas corresponding to high vehicle activity coupled with exposure to high wind shear at 

the surface.  This will provide critical information in identifying the likely places for locating 

sand transport controls downwind of areas with high emissions and in areas protected from 

vehicle activity.  It is also important to quantify the sand flux rates that must be accommodated 

by the dust controls so that the frequency of control restoration can be projected  

Proposed Monitoring Methods  

The monitoring methods proposed for the field study are summarized below.  In each case, it is 

important that the use of the data thus generated be clearly stated so that the value of the method 

can be ascertained. 

 Meteorological Monitoring –Although meteorological monitoring at selected locations 

is essential, there seems little to be gained by tracking wind speed and direction, 

temperature and relative humidity along the length of each transect, unless it can be 

shown specifically how this information will be used.  In addition, the derivation of shear 

stress (and sand flux) at the base of certain towers with wind speed sensors at multiple 

heights does not seem necessary, if CSCs are used to measure the sand flux directly (see 

below). It seems more important to understand the influence of topographical and 

groundcover effects, including dune structure, on localized wind flow patterns so that 

areas of high wind exposure can be identified.  This will allow projection mapping of 

such areas within the SVRA. 

 PI-SWERLS--The use of PI-SWERLS for point measurements of surface emissivity 

might be cost-effective if it can be shown that large areas of the SVRA have similar PI-

SWERL signatures, so that the applicable area of a measurement is much larger than the 

footprint of the instrument.  According to DRI, prior testing with PI-SWERLS indicated a 

relatively consistent soil characterization in a limited test area within the SVRA, but not 

subject to significant riding activity.  In addition, some field performance problems with 

the PI-SWERL were as noted in the PMRP.    

 Aerosol Particle Counts--It is unclear as to the value of particle number counts in size 

ranges below 10 microns in this analysis, so it is important to describe specifically how 

this information will be used.  Another issue is the challenge in establishing the 

representativeness of fixed point monitoring sites for particle counts; this could be 

mitigated through mobile monitoring, as discussed below.   

 Mass PM10 Concentrations—In the PMRP, it is proposed that EBAM samplers be used 

to measure PM10 concentrations along transects identified above.  However, in areas 
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subject to vehicle activity, the PM10 concentration at the specified sampling height of 2m 

to 4m is likely to represent localized emissions rather than the cumulative effect of 

emissions on the air transport stream that passes well above terrain features to ambient air 

stations downwind.  These problems would not apply to the proposed air quality tracking 

in flat areas with open fetch at the eastern ends of transects.  However, the proposed 

concentration monitoring at fixed locations in the riding areas could still provide 

reference point comparisons for the mobile monitoring described below.  In addition the 

EBAM samplers, if appropriately located, could be used to intercept the plumes from 

emission hotspots likely corresponding to areas of high vehicle activity coupled with high 

wind exposure.   

 Cox Sand Catchers--The cumulative sand flux at any point along the transect over the 

duration of a high wind event can be measured directly by Cox Sand Catchers (CSCs), 

which are low-cost passive devices with no electronic components subject to failure in a 

high-challenge environment. Typically the sand flux builds to a relatively stable value 

along a path within an open area free of obstacles to wind flow (fetch effect).  Locating 

CSCs downwind of hotspot areas would provide critical data on the sand flux challenges 

that would have to be met in designing control measures for capturing saltating sand.   

Mobile Monitoring 

As mentioned in our September 12, 2012 conference call, I recommend that mobile monitoring 

be used as a low-cost means for mapping the areas traveled by recreational vehicles.  A 

representative recreational vehicle can be readily converted to a mobile monitor by equipping it 

with a continuous PM10 monitor (such as a DustTRAK), a GPS module, and a data logger.  

Mobile monitoring could be configured to generate useful data in two modes, as described 

below.  In both cases, the monitoring vehicle would drive at a fairly constant speed (say, 25 mph) 

along routes normally traveled by recreational vehicles, but selectively paralleling the beach 

shoreline.  Also in both cases, the mobile monitoring measurements are evaluated on a relative 

rather than an absolute basis, so the requirement for measurement accuracy is less stringent than 

when determining compliance with an air quality standard.   

Mobile monitoring can be used to map plume concentration, especially in areas with high vehicle 

activity.  For this application, the intake to the sampling system would be located above the 

center of the vehicle so that the dust plume from the vehicle does not impact the sample stream.  

This type of mapping would be very useful in identifying PM10 emission hotspot areas that 

could be correlated with vehicle activity and with surface exposure to high winds.  This 

monitoring would be performed during periods of high winds.   

Mobile monitoring can also be used to map fine particle emissivity, also with emphasis on areas 

with high vehicle activity.  In this case the monitoring system intake would be located on the side 

of the vehicle so that the system captures the dust plume generated by the contact area between a 

tire and the sand surface beneath.  This monitoring would be performed during periods of light 
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winds.  The suitability of the method is based on a likely relationship between the dust generated 

from the sand sheet by vehicle travel and the dust generated by the wind erosion process.  This 

relationship could be verified by adjunct monitoring with the PI-SWERL to obtain an 

independent measure of the fine particle emissivity, assuming that PI-SWERL results are 

relatively consistent with PM10 concentration measurements from mobile monitoring along 

specified travel routes. 

Mobile monitoring would be used to tie results from fixed point monitors with the mapped 

plume and emissivity characteristics of sand sheets along the test routes taken in riding and non-

riding areas of the SVRA.  In turn, this would help in establishing the representativeness of fixed 

point monitoring locations.  This would also assist in identifying appropriate locations for 

deploying control measures for capturing and stabilizing saltating sand.  

Recommendation 

It is recommended that the mobile monitoring measurement approach be tested immediately to 

verify the procedure for generating, processing and mapping field results in both the plume 

concentration (windy) mode and the fine particle emissivity (light wind) mode of operation.  A 

DustTRAK would be suitable as a continuous PM10 monitor for this application,  In addition it 

is recommended that the test vehicle be equipped with a video camera to provide further 

documentation of field conditions under which testing was performed.   

This early testing would provide critical information on the variations of localized plume density 

and surface emissivity across the SVRA, including areas that would have just recently been 

opened to seasonal riding activity. This information would also be very valuable in establishing 

how mobile monitoring data can be used to identify representative sites for fixed point 

monitoring, including those deployed for transect analysis.  The “shake-down” mobile 

monitoring could be followed by selected fixed point monitoring, to make sure that all 

appropriate monitoring and data processing methods are field tested prior to the main study 

under much more active wind conditions of the springtime when the most essential data will be 

collected.  

Summary 

Most control measures for sand transport (and resulting PM10 emissions) are designed to capture 

saltating sand, thereby reducing the sand flux from the upwind to the downwind side of the 

control.  This is the case for rows of vegetation and for wind fences already used at the SVRA.  

Also it should be noted that woodchip mulch berms have proven very effective as sand flux 

controls in similar high-wind desert environments in the Antelope Valley and adjacent areas. 

Dust controls should be sited preferentially downwind of emission hotspots, in areas protected 

from vehicle activity and amenable to periodic restoration steps that must be taken to maintain 

and sustain sand transport controls.   
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The monitoring program has a number of important purposes, one being to help determine 

appropriate locations for permanent comparison monitoring sites downwind of the riding and 

non-riding areas. Also of critical importance is the need for the program to help identify (a) the 

upwind source areas causing the highest PM10 levels on the Nipomo Mesa, (b) appropriate 

control measure deployment sites within these upwind source areas, and (c) the sand flux rates 

for which the controls must be designed to accommodate.   

Success in accomplishing the latter goal would be considerably enhanced by conducting mobile 

monitoring to identify emission hotspots that couple high wind exposure with a substantial 

reservoir of fine particles in the surface sand.  It is likely that vehicle activity has a significant 

role in intensifying fine particle reservoirs through surface disturbance and grinding processes 

that generate fine particles on and just below the sand sheet surface in areas impacted by the 

vehicles.  Mobile monitoring can also provide valuable assistance in evaluating the 

representativeness of fixed and permanent monitoring sites for transect analysis or for other uses.   

It is recommended that the mobile monitoring method be tested as soon as arrangements can be 

made, so that its value in making critical maps of localized PM10 plume concentration (windy 

conditions) and sand sheet PM10 emissivity (light wind conditions) can be explored and 

optimized.  Moreover, this would provide an opportunity to demonstrate how mobile monitoring 

can be used to determined appropriate locations for permanent monitoring sites downwind of 

riding and non-riding areas.  The “shake-down” monitoring program would make sure that all 

monitoring and data processing methods are established prior to the main testing under much 

more active wind conditions of the springtime, when the most essential data will be collected. 
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